ABSTRACT
Introduction
Seminal plasma proteins (SPP) are considered to play an important role in the cellular transformation of sperm after ejaculation. the studies on some of the SPP showed that they influence the motility and survival of male germ cells. They may also affect their fertile potential (16, 17) . A number of studies have shown that the SSP could be regarded as infertility factors in man and domestic animals and especially in sperm formation and activity in horses (7) , bulls (6) as well as humans (1) .
The SSP are involved in the capacitation process (13) . The attachment of some of them to the sperm plasma membrane (PM) leads to a delay in the capacitation process and acrosome reaction (8, 14) . these proteins are termed decapacitating factors. Killian et al. (12) have described the presence of the so-called "fertility-associated proteins" in bull seminal plasma, which are important for maintaining the sperm fertility. Another direction of the SPP studies in recent years, the proteomic one, has shown that they may serve as biomarkers for different diseases of the male reproductive system.
Somewhat older studies suggested that SSP assist in the maintaining of the motility of ram sperm (10) , in the improvement of the survival ability of ram spermatozoa (15) . Barrios et al. (3, 4) found that some of the SSP could protect ram sperm from the influence of low temperatures at in vitro storage. Evidence has also been obtained that SPP are important for maintaining the bull sperm motility (2) and for improvement of boar sperm resistance to low temperature stress (5) and sow fertility (17) .
Along with the positive effect of the SSP on the reproduction parameters there is some evidence for their negative effects on ram sperms in terms of their motility (11) , survival at natural conditions (9, 10) and after cold shock. These contradictory results indicate that the seminal plasma is a complex fluid containing various components which affect the survival and motility of spermatozoa in different ways. These conflicting data led to a detailed study on the impact of separated plasma proteins on sperm motility and survival of ram spermatozoa, and on the possibility for some SPP to be used as components in biological cryoprotective media applied in artificial insemination of sheep.
the aim of this study was to describe the effect of different seminal plasma proteins on mitochondrial integrity and velocity parameters of ram spermatozoa during in vitro preservation at 5°C.
Materials and Methods
Obtaining of sperm the sperm necessary to conduct the experiments was from rams of the Pleven Black Head dairy sheep breed, which is typical for Bulgaria. Semen was obtained by artificial vagina and collected by double-collecting cups. the obtained ejaculates were diluted 1:6 with sodium citrate diluent. the quality of the samples were assessed on an expert level and the ones suitable for obtaining of seminal plasma were kept at 4°C during their transportation to the laboratory.
Obtaining of sperm plasma and chromatography of sperm plasma proteins Seminal plasma (SP) was obtained by centrifuging of 2 ml of ram semen at 2000 rpm for 10 minutes at 4°C. The collected supernatant was centrifuged again at 12,000 rpm for 5 min, filtered through a 0.22 μm membrane (Milipore), and kept at -80°C for long storage. To carry out the chromatographic separation, 2 ml of seminal plasma were pipetted in a 2.5×80 cm chromatography column (Pharmacia lKB). the gel used was Sephacryl S-100 with high resolution (Sigma, St. louis, Mo, USA). the gel was equilibrated with 50 mM tris buffer (ph 7.8) containing 0.15 M nacl. Protein fractions were collected at a division rate of 4 ml/min. The protein concentration was measured spectrophotometrically (Pharmacia Biotech, Ultrospec-200). All obtained fractions were characterized by 15% SDS PAGE. The silver staining method was used to visualize the protein bands as it is more sensitive.
Liquid chromatography (HPLC) of proteins from fractions 11 and 15 high performance liquid chromatography, hPlc (Waters Company), was used for further separation, identification and determination of proteins in fractions 11 and 15. During analysis, proteins with high molecular weight passed through the column faster than proteins with lower molecular weights. Optimal operating parameters were: maximum pressure of 375 psi and speed of 0.8 ml/min.
Preparation of samples for low temperature storage the obtained ejaculate was assessed initially for sperm motility. After that the semen was divided into aliquots and each of them was diluted in a 1:6 proportion with sodium citrate diluent. the samples were centrifuged twice at 2500 rpm for 5 min at room temperature. For the experiment 2 controls were used. the control K-was without SP and the control K+ was with all SP. Washed experimental K-sample (without SP) was re-suspended in the storage medium. to each of the semen samples were added 50 μl of storage medium containing 2% glycerol and 100 μl of sperm plasma proteins from factions 2, 3, 4, 6, 8, 10, 11, 14 and 15, respectively. Instead of separate SPP fractions, to K+ and K-(control without SPP) were added only 50 μl of sodium citrate diluent. Sperm samples were placed at 5°C for 24 hours.
Study of mitochondrial transmembrane potential by applying the R123 test
For the experiments the R123 dye was used in solution 1 mg/ ml in PBS. Initially, the spermatozoa were washed once with PBS and resuspended in 500 μl PBS. The final concentration of spermatozoa was 10×10 6 cells per ml. Then 10 μl of dye solution (final concentration of R123 -10 μg/ml) were added to the obtained suspension and the sample was incubated at 37°C in the dark. After the incubation samples were washed three times with PBS to remove the excess dye from the cells. Monitoring was done with a fluorescent microscope (OLYMPUS). Classification of sperm depended on the intensity of the staining, an indicator of mitochondrial function. the sperms with dysfunctional mitochondria were denoted as "-"; those with primary disorders in mitochondrial transmembrane potential as "+", and the normal spermatozoa with preserved and functioning mitochondria as "++". From each sample 200 cells were counted.
Sperm velocity parameters the initial mobility of germ cells and their motility after low temperature protection of the samples was assessed by Sperm Class Analizer, Micropticum, Spain. Before the assessment the samples were diluted very gradually and slowly to at least 1:20. Slides and coverslips with dimensions of 10×10 mm and 10 μl volume of the drop, and also chamber Leja 20 with 2 μl volume of the drop were used.
The samples were characterized on the basis of several parameters -rate of progressive movement, sperm velocity, rate of rapidly progressive and slowly progressive cells. Also, the sperm speed parameters were measured in μm/sec for the curvilinear velocity (VCL), straight-line velocity (VSL), average path velocity (VAP), linearity (LIN), straightness (STR), oscillation (WOB) and some relative measurements, e.g. VSL/VCL, VSL/VAP and VAP/VCL. VCL was an indicator of the speed of sperm for the actual elapsed path from point to point, or the distance it traveled over a given period of time. VSL measured the velocity in a straight line from beginning to the end of the path of the sperm. VAP was the speed of sperm for the average space distance traveled.
Results and Discussion
Chromatographic separation of ram sperm plasma proteins the 15 separated sperm plasma fractions differed in their molecular weight (MM), which ranged from 10 to 200 kDa. the protein concentration determined spectrophotometrically ranged from 0.121 mg/ml in fraction 13 to 1026 mg/ml in fraction 3.
In fractions 2, 3, 4, 5 and 6 the proteins were with MM around and above 66 kDa. In some of them a small amount of low molecular proteins was observed. Fractions 2, 4 and 6 contained proteins with MM greater than 30 kDa. Fraction 7 contained a band corresponding to about 20 kDa, and fraction 8 was with three bands of proteins with MM below 20 kDa. Fractions 9 and 10 contained proteins with low MM, below 20 kDa. Fraction 11 contained one 66 kDa protein, several low molecular proteins and a very faint band of protein with MM about 30 kDa. In fraction 12 were highlighted two stripes corresponding to MM of about 25 kDa and 14 kDa. In fractions 13, 14 and 15 appeared two bands of proteins with MM about 20 kDa and about 14 kDa (Fig. 1) . Separation of proteins from fractions 11 and 15 by liquid chromatography (HPLC) the results from hPlc showed that in protein fraction 11 there were four low-molecular proteins with MM less than 30 kDa and another protein with MM of about 66 kDa. Fraction 15 was dominated by low molecular weight proteins, less than 30 kDa, which were separated into two peaks (Fig. 2) .
Influence of the selected proteins on sperm parameters For the experiment semen with the following parameters was used: color from white to cream, ph 6.8-7.0. it was odorless, with no agglutination and a concentration of 3.3-4.0×10 9 sperm cells per ml. The data for the progressive sperm motility after 24 h incubation at 5°C are presented in Table 1 .the percentage of static sperm cells was higher in samples K-, 3, 4 and 6, while for samples K+ and 15 this percentage was lower. these results indicated that the seminal plasma generally had a protective effect and provided the energy required for prolonged storage of sperm. The highest proportion of progressively motile sperms was recorded for samples 11 and 15 (respectively 7.65±2.29 and 7.53±1.39), while the lowest one was observed in samples K-, 3, 4 and 6 respectively 1.27±0.94, 0.30±0.07, 1.37±0.89 and 0.25±0.05 percents. The differences between sample 11, 15 and samples 3 and 6 were statistically significant (P < 0.01). Data are averages ± SEM, the difference between a and b in vertical columns is P < 0.05.
Mitochondria integrity of ram sperm during in vitro storage
the results obtained showed that the mitochondria of ram sperm are very sensitive to the influence of low temperature. the highest number of sperm cells with normally functioning mitochondria (R123++) was found in the sample containing proteins from fraction 15, and the lowest one was in sample 3, respectively, 38.72±3.27 and 13.39±4.36% (Table 2 ). the differences were statistically significant (P < 0.05). During the process of incubation of spermatozoa at 5°C a drastic reduction in the number of R123++ responding cells was observed. the number of cells with normally functioning mitochondria decreased, while at the same time the percentage of sperm with initial changes in the mitochondrial potential (R123+) significantly increased. A positive correlation between the percentage of R123++ reacting sperm cells and the number of progressively motile spermatozoa was observed (Fig.  3) . These data confirmed the understanding for the positive correlation between sperm motility and normal functioning of the mitochondria. 
Speed parameters of ram spermatozoa
The speed of sperm movement -fast and medium, was the next studied parameter ( Table 3 ). The results confirmed that the low molecular weight proteins from fractions 11 and 15, and the presence of the whole seminal plasma protected the spermatozoa during low temperature preservation. The presence of SPP with large molecular weights in fractions 3 and 6 led to a marked decrease in the percentage of rapidly motile sperm, while maintaining the percentage of the medium motile ones at the level of K-. After prolonged storage at low temperature the percentage of fast moving cells was highest among the tested experimental variants for sample 11 (4.44±0.78%). Data are averages ± SEM; significance of within column differences between a and b at P<0.05 and between a and c at P < 0.01.
The study of speed parameters provided additional information about the state of spermatozoa after their incubation at 5°C for 24 hours ( Table 4) . Data are averages ± SEM; significance of within collumn differences between a and b at P < 0.05.
The results showed that in all semen samples the values of the measured parameters (VCL, VSL and VAP) decreased considerably. In some cases this decrease was significant compared to K+, the variant with the seminal plasma. The differences between the fractions characterized their relative importance in the stimulation of the sperm speed. The variation between the averages for the experimental samples showed the highest VCL for sample 11. The VCL values for samples 8 and 15 were almost as high, in contrast to sample 3, which showed significantly (P < 0.05) lower VCL than samples K+ and 11.
The VSL values were higher in samples K + and K, for the remaining samples these values were similar and there were no statistically significant differences between them. The VAP index was highest in samples K + and 11.
the results of these studies showed that in general the seminal plasma had a protective effect and provided the energy required for prolonged storage of sperm. on the other hand, selected sperm plasma proteins influenced specifically the biological parameters of sperm. The observation of some authors by partition in an aqueous two-phase system has demonstrated that the adsorption of seminal plasma proteins to cold-shocked spermatozoa restored the membrane permeability (9) . Moreover, the ultrastructural evidence that seminal plasma is important in determining the quality of ejaculated spermatozoa (4), has indicated that membrane integrity is an important factor for spermatozoa functionality.
the analysis of the speed parameters of the six tested SPP showed that the VCL for sample 11 was almost the highest. However in sample 4 the VCL was with values close to the average ones, but the VSL increased to the maximum for the tested separate fraction. this could be considered as indication that SPP in sample 4 improved the straight linearity of the sperm movement.
The relative speed parameters calculated on the basis of the results in Table 4 showed the highest relative speed, LIN, for samples 3 and 4, respectively 0.41 and 0.40, and a much lower speed for samples 6 and 8, respectively 0.26 and 0.27. The oscillation, however, indicated higher WOB for sample 3 (0.60) compared to sample 4 (0.45). the results for the three relative speed parameters revealed better efficiency in terms of sperm speed for sample 4 .
The variation in the tested samples was also different. For VCL it was small for samples 4 and 6, indicating consistency of the results for the 5 measurements carried out. the corresponding VSL values for these samples were also low. The relatively higher VCL variation within samples 8 and 11 indicated that for some of the individual measurements the speed was higher compared to others of the same group. A very similar tendency was observed for VSL. These results suggested that in the future it would be reasonable to test the individual effect of the tested SPP.
Although SPP have been described as being involved in sperm capacitation by interacting with sperm proteins (12, 13) and egg yolk lipoproteins are active substances that can protect sperm membranes from cooling injury, our results indicated that some SPP may have protective effect on sperm motility and velocity parameters of ram spermatozoa. Moreover, by means of chromatography we separated SPP contained in fraction 11 and 15 with low molecular weigh which could recover the sperm viability characteristic of live cells. the results of this study showed that a higher proportion of spermatozoa preserved their progressive motility and mitochondrial integrity as well as velocity parameters after incubation with each of these fractions. in general within sample VAP variation was similar and no specific influence of the tested SPP could be expected for that parameter.
Conclusions
Fifteen protein fractions with different molecular weight were separated from ram seminal plasma. Fraction 11 had four lowmolecular proteins (less than 30 kDa) and another protein with molecular weight of about 66 kDa. In fraction 15 dominated low molecular weight proteins, under 30 kDa, separated into two peaks.
After 24 h of incubation at 5°C the proteins from fraction 11 and 15 maintained significantly higher proportion of progressively moving spermatozoa -respectively 7.65±2.29 and 7.53±1.39%. the highest number of sperm cells with normally functioning mitochondria (R123++) was observed in the sample containing low molecular weight proteins from fraction 15, and the lowest one in sample 3, respectively, 38.72±3.27 and 13.39±4.36%.
the highest proportion of rapidly and medium motile sperms was found for the samples with addition of protein fractions 11 and 15.
The highest speed parameters, VCL, VSL and VAP, were found for protein fraction 11 -30.1, 9.3 and 15.2 µm/sec respectively. the presence of selected proteins with molecular weigh lower than 30 kDa preserved a high number of sperm cells with normal functioning mitochondria (R123++) and preserved velocity parameters -VCL, VSL and VAP. The correlation between the percentages of R123++ dyed sperm cells and the number of progressively motile spermatozoa was positive. The use of these selected proteins as biological components to the medium can protect ram spermatozoa and may find practical application in artificial insemination.
